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TELEMETRY 


J. Stinson 
Bedford Laboratory 


Mosr missile test flights are of extremely short duration, often lasting 
less than a minute, and inevitably terminate with the loss of the missile. The 
purpose, as in any test, is to gather useful engineering information which 
can be applied to any number of problems, engineering or operational. Out- 
~ side observations and measurements obviously can supply only gross data 
about such test flights, but today’s rapidly advancing missile technology 
y, demands, and gets, far more sophisticated data — data arising from meas- 
} urements which can only be made on the missile itself. These measurements 


' face positional information, and many others. Such information is meas- 

_ured at the ‘‘bird’’ and transmitted to the ground stations by techniques 

and equipment developed in a specialized area of the electronics art — 
| that of telemetry. 


; 


i Typical Telemetering System 


There are many methods of telemetering now in use, since the require- 
ments of different applications vary tremendously and must be met in each 
7 case by tailored designs. Weight and size are of particular importance and 
consequently telemetering systems have been developed whereby a maximum 
number of items can be recorded by very small and compact units. A typical 
{ missile telemetering system is the Pulse Amplitude Modulation/Frequency 
{ Modulation/Frequency Modulation system, abbreviated PAM/FM/FM. In- 
| formation to be telemetered is reduced to telemetering levels of between 0 to 
5 volts, usually of varying de, low frequency ac, or Pulse Amplitude. This 
#signal is applied to a voltage-controlled oscillator (also called a subcarrier 
| oscillator) which converts the voltage amplitude to varying frequency. The 
_ oscillator in turn modulates an FM transmitter whose radiated signal is 
* received at a ground station where the information content is recorded. This 
step completes the telemetering chain. 
In order to understand the operation of such a telemetering system, let us 
Stake one type of information, wing control-surface position, and follow this 


information through a system from the transducer to the transmitter. Thyesmaet 


position transducer could be a follow-up potentiometer whose wiper 7" 


full-up places the wiper at one end of the potentiometer, and full-down 
places the wiper at the other end. Properly excited, this potentiometer will 
provide a signal which is“ mehsure of the wing position. In ——. the 
. fugnal receives aa modification @ Ge Gee converter —— of thg; 








metering system and is then applied as the frequency 
controlling signal to the input of a 2.3 Ke subcarrier 
oscillator. With zero wing deflection the output from 
the data converter maintains the frequency of the oscil- 
lator at 2.3 Ke. With full-up deflection the data con- 
verter output would increase, as would the oscillator 
frequency. With full-down deflection the oscillator 
frequency would be correspondingly reduced. Any 
intermediate position would be reflected as an inter- 
mediate frequency change. The output of the oscillator 
is combined in an adder-mixer with outputs of other 
oscillators, and then is used as the frequency con- 
trolling signal for the FM transmitter. 


Transducer Types 


In our example, the wing position data was initiated 
by a potentiometer type of transducer. There are, of 
course, many other types of transducers designed for 
developing signals from other kinds of phenomena. 
For vibration information, for example, the trans- 
ducer usually consists of a small mass supported by a 
compliant element on the object whose vibration is to 


be measured. Motion of the support then deflects the 


element, and this deflection can be measured by a 
variety of methods. If the vibration frequency is high 
compared with the resonant frequency of the mass 
on the spring, then the compression is proportional to 
the amplitude of vibration ; if the vibration frequency 
is low compared with the resonance frequency, then 
the compression is proportional to vibration accelera- 
tion. 

Strain gauges, electromagnetic coupling, capacitive 
coupling and direct coupling to a potentiometer wiper 








have been used to detect compression, but by far the 
best and most convenient method is to make the com- 
pliant element itself of a piezo-electric material, gen- 
erally barium titanate. Modern piezo-electric accelero- 
meters have resonant frequencies above 20 Ke with 
sensitivities of the order of 10-20 mv/g. The output 


of these transducers being of an extremely small « 


amplitude, it has to be amplified in the data converter 
to a telemetering level. 
Temperature information is one of the most difficult 











things to telemeter. Usually heat-measuring transduc- _ 


ers are of two types: thermocouples and thermistors. 


Both have very low-level outputs and require high 4 


amplification to realize a reasonable dynamic range 


of temperature readout. Thermocouples produce an — 
electrical current proportional to the temperature dif- - 


ferential between two dissimilar metals. Resistance 
gauges, or thermistors, work on the principle that tem- 


. 


perature-sensitive wire will change its resistance with ® 


heating or cooling. When used with a bridge network, 
resistance gauges can produce an output of up to 25 
millivolts. Since the current-handling capability of the 
gauges is low, care must be taken -not to burn them 
out, or to cause self heating by excessive current. 


Channel Sharing 


Obviously a large number of missile guidance-sys- 
tem functions require telemetering. However, weight 


+ 


+ 


> 


and space problems limit the number of subcarrier ; 


modulators and transmitters that are available. Since 
many of the voltages to be telemetered need not be 
examined continuously, a system of sequential samp- 
ling is often used. This sampling method is achieved 4 
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through the use of a governor-controlled n.otor driving 
a two-section commutator switch. The voltages to be 
telemetered are sampled and applied in turn to the 
subearrier modulator. One subcarrier modulator is, 
therefore, able to serve many functions. Information 
requiring continuous readout, or that of a high fre- 
queney nature (vibration for example) should be 
telemetered by continuous channels. Slowly varying 


» infoimation of a de nature, however, can be com- 
, mutated and time-shared with other de information. 


In the transducers described above, the vibration 


* information would be telemetered on a continuous 


channel since it has an ac output and is of a high 
frequency. The wing transducer’s output would be 
commutated or time-shared with other similar data 


, into one subcarrier oscillator. Typical sampling for 


such measurement might be ten times per second. 
The break-before-make commutator switch provides 
an output pulse train with a duty cycle of 60 per cent 
on and 40 per cent off. The commutator ring or switch 
has 30 segments. Twenty-seven of these segments have 
a 60/40 duty cycle; the other three are tied together 
and their output is a continuous on-time pulse equal 
to the on-time of three pulses and the off-time of two. 
This is called the master pulse or framing pulse, and 
is used to initiate the automatic decommutation se- 
quence. 
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Transmitter and Receiver 


The FM transmitter is a crystal-controlled unit de- 
signed for transmitting over a line-of-sight path. Since 
the radiated power is necessarily low due to the size 
limitations, the ground receiving antennas are of a 
high-gain directional type. They are often mounted 
on pedestals and sometimes radar-controlled to pro- 
vide a constant line of sight. The antenna system is 
so designed that two or more antennas feed one re- 
ceiver. At any instant, therefore, the antenna receiv- 
ing the strongest rf signal is automatically connected 
to the receiver, insuring maximum signal reception 
under adverse conditions. 

Telemetering receivers are high gain, wideband, FM 
superheterodyne types incorporating automatic fre- 
quency control. The usual bandpass is about 300 to 
500 Ke. The tuning range covers the standard tele- 
metering band, 215 to 265 Mec. An extensive signal 
patching system is used to provide flexibility of con- 
nections between ground station equipment, and allow 
the use of several modes of operation during a missile 
test flight. 

The complex raw data at the output of the receiver 
is still an FM signal carrying the information which 
modulated the FM transmitter. This must be demodu- 
lated. In addition, it must be decommutated to sep- 
arate the various channels of information which were 
time-shared. Because of its complex nature, all of the 
telemetered information can not be displayed in real 
time. A means of recording for future data reduction 
and for permanent records is provided by a high speed 
magnetic tape recorder. If the data from the sub- 
carrier discriminators is of a low frequency or of a 
de nature, it can be directly recorded by pen record- 
ers. If it is of a high frequency (such as vibration 
information), it can be recorded by high frequency 
oscillographs or displayed on spectrum analyzers. 
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Decommutation 


Decommutation, the decoding or separating of each 
pulse of information on the pulse train, is accom- 
plished by switching the pulse off or on at the proper 
time intervals —a process called gating. It can be 
done mechanically by running another decommutating 
switch in synchronism with the commutator switch in 
the missile. However, mechanical imperfections make 
it difficult to synchronize the switches by this method. 
An electronic means of decommutation is more ef- 
fective. The Raytheon decommutation system uses 
thyratrons as a means of gating and sampling the 
information pulses. The commutator switch in a typi- 
cal system has 27 channels with a 60/40 duty cycle, 


and one long pulse. This pulse is integrated in the _ 


decommutator and the trailing edge used to trigger 
the thyratron sequential firing system. The decom- 
mutator has 30 sampler thyratrons and memory cir- 
cuits. In conjunction with these are 30 sequential 
thyratrons which control firing sequence and timing. 
The arrangement is such that once a sampler is fired, 
it cannot fire again until the next frame appears and 
the same pulse is sampled again. These conditions 
produce an automatic timed-phased coincidence-oper- 
ated decommutator. 

Figures 1 and 2 show how a telemetering trans- 
mitting and receiving system is set up to give four 
continuous readout channels and 50 commutated 
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channels of information. Although this system utilizes 
only six subcarrier oscillator (SCO) channels, a maxi- 
mum of 18 channels could be employed on one trans- 
mitter. The frequencies used by the oscillators are 
controlled by the Inter-Range Instrumentation Group 
(IRIG) which controls all telemetering standards and 
frequencies for range instrumentation. The IRIG 
oscillator frequencies are selected to eliminate har- 
monic relations between channels, and are limited to 
+7.5 per cent of the designated center frequency. 
The allowable deviation with the exampled 2.3 Ke 
SCO would be +172.5 cycles, resulting in a bandpass 
of 345 cycles. Some of the higher channels may be 
deviated +15 per cent, although there are restrictions 
as to the number of such additional channels available. 


With today’s rapid advances in missile development 
and tomorrow’s space travel, telemetering has become 
a very important part of every program. All of the 
data from satellites are gathered by means of tele- 
metering systems. In some of the manned space flights 
that are planned, probably man himself will be tele- 
metered, as animals in experimental rocket flights 
already have been. Telemetering has developed from 
the stage of empirical development to that of a special- 
ized engineering science. It is a dynamic science, how- 
ever, continuously moving towards solution of the new 
problems brought by missile technology advancement. 
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Magnetrons 


L. W. Geier 
Microwave and Power Tube Division 


— radar sets operate by sending out high- 
energy radio frequency pulses and then receiving por- 
tions of that energy which are reflected back from 
objects in the path of the outgoing pulse. The time 


~ taken for the pulse energy to travel from the radar 
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set to the object and back is a measure of the distance 
between the transmitter and the reflecting target. By 
proper timing and display circuits, it is possible to 
determine accurately the range and direction of any 
target in the path of the transmitted pulse. 

Radar today is used not only to track enemy objects, 
but also plays a major role in tracking and guiding 
our own aircraft and missiles. The echoes from these 
small, high speed aircraft and guided missiles become 
weak at long ranges, and sometimes are obscured by 
echoes from larger targets nearby. Therefore, a need 
arose for a device that could enhance the echo from 
these aircraft and missiles. This requirement led to 
the development of a device commonly known as the 
radar beacon. 

Located in the vehicles to be tracked, the radar 
beacon normally does little or nothing without stimu- 
lation from an external radar set. Essentially the 
beacon consists of a miniature receiver and pulse 
transmitter. When a suitable pulse reaches the re- 
ceiver of the radar beacon, the beacon is triggered, 
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Figure 1 
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and after a suitable time delay, its transmitter emits 
a pulse or series of pulses which are received by the 
external radar set and translated into intelligence. 
Figure 1 shows a typical example of radar beacon 
operation. 

With the advent of small, compact microwave mag- 
netrons capable of producing high power efficiently, 
attention was focused on the use of such devices as 
radio frequency generators in beacon systems. 

Magnetrons for beacon service must satisfy certain 
requirements not encountered in ordinary ground or 
shipborne radar sets. Most beacons are used in air- 
borne applications where space and weight are at a 
premium, making minimum weight and small physical 
size important beacon magnetron characteristics. 
These requirements are mitigated by the substantially 
reduced power needed in beacon systems as compared 
to ordinary radar transmitters. 

The reply frequency of the beacon magnetron re- 
mains fixed at a value suited to the external radar set 
actuating the beacon and receiving its signal. Conse- 
quently, the beacon reply signal must be adjustable 
within narrow frequency limits and must remain 
within these limits. Therefore, the beacon magnetron 
must be provided with means for tuning to the desired 
frequency. 

During use; the duty cycle of a beacon may vary 
from almost nothing to a value as high as 0.6%. Coded 
pulses transmitted to the beacon can cause it to emit 
a train of closely spaced pulses. For proper operation 
the power in each pulse and the frequency of each 
pulse of such a train must remain constant. Conse- 
quently, the emitter of a magnetron used in a beacon 
must be capable of producing easily an electron cur- 
rent sufficient for the uniform power output at the 
maximum duty cycle, and the frequency determining 
elements must be insensitive to instantaneous thermal 
changes. 












































A most important requirement of a beacon magne- 
tron is the ability to operate satisfactorily under ex- 
tremes in environment. Frequency stability must be 
maintained under conditions of severe vibration, 
shock, acceleration, and temperature. For that reason, 
the magnetron for beacon service must be ruggedized. 

Raytheon has been engaged in the development of 
magnetrons for beacon service about as long as it has 
been developing magnetrons for radar sets. Because 
magnetrons for beacon service are small and light in 
weight when compared to conventional magnetrons, 
they are commonly termed miniature magnetrons. 


Early Raytheon miniature magnetrons utilized Al- 


nico magnets that were enclosed in the vacuum en- 
velope together with the tube elements. The outer 
metallic envelope was part of the magnetic field path. 
Each complete tube was similar in shape to the 
cylindrical envelope of the familiar 6L6 beam power 
tetrode. Figure 2 shows the QK-181 miniature magne- 
tron, a typical example of this design. This tube 
generates at least 300 watts peak power, can be 
adjusted to operate at any frequency between 8900 
and 9400 Me, and weighs approximately 1.5 pounds. 





















































a 
Figure 3 

As shown in Figure 2, the vane type anode struc- 
ture is centered about a cylindrical cathode with the 
interaction space located between these two com- 
ponents. Supported at each end by ceramic insulators, 
the cathode structure is rugged and capable of little 
movement when subjected to shock and vibration. A 
‘‘crown of thorns’’ type of tuner allows the frequency 
to be set to the desired value. Radio frequency energy 
is coupled from the anode by a loop attached to a 
coaxial transmission line which eventually feeds into 
a waveguide coupler. This arrangement is similar to 
that used with local oscillator klystrons. 

The electrical connections of this design differ from 
those of conventional larger magnetrons in which the 
anode is kept at ground potential. The cathode of 
this miniature magnetron is connected to the body of 
the tube and is at ground potential. The anode, how- 
ever, is insulated from the body of the tube and is 
pulsed positive with respect to the cathode. 

The ultimate pressure maintained in a vacuum tube 
depends upon how thoroughly gases can be removed 
during the exhaust cycle, upon the rate at which gases 
absorbed on material within the vacuum are released, 
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and upon the rate at which gases diffuse through the 
vacuum envelope. Experience with the type of design 
just described revealed that it was difficult to remove 
gaseous impurities from magnets contained in the 
vacuum envelope. This difficulty led to a tube design 
in which the magnets were removed from the vacuum 
envelope. 

As shown in Figure 3, the physical shape‘ of this 
type of magnetron, the QK-236, remains cylindrical 
with the outside shell again providing the return path 
for the magnetic field. The vacuum envelope, how- 
ever, is made much shorter than before, enclosing only 
that region between the two magnets. The tube shown 


is continuously tunable over a 9% frequency band 
and delivers 300 or more watts of peak power output. 

To meet the requirements of a beacon system to be 
used with the Nike guided missile, Raytheon developed 
the QK-299 miniature magnetron, shown in Figure 4. 
The QK-299 includes a cathode supported at each end 
between the magnet pole tips. This double support 
improves rigidity and minimizes the heater power re- 
quired to maintain the cathode at its correct tempera- 
ture. The input power connections to the tube are 
made through a type BNC coaxial connector. The 
QK-299 magnet is located outside the vacuum envelope 
and has the form of a section of an axially divided 
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hollow cylinder with the axis of the magnet coaxial | 


with the cathode. Previous miniature magnetrons had 
coaxial line rf output connections, but the QK-299 


was designed for use with a waveguide. Use of a load — 


waveguide, however, introduced some unique design 


problems. Development of a tapered section of loaded © 


waveguide was necessary to maintain the small size 


of the tube while at the same time providing the de- | 


sired electrical characteristics over the operating 
frequency range. A ‘‘crown of thorns’’ type of induc- 


tive tuner allows the tube to tune over the frequency © 


range between 8900 and 9400 Me while delivering 
900 or more watts of peak power output. 
As the performance requirements of missiles and 


rockets became more stringent, the environments in- © 


side these devices also became more severe. One 
particular application required a tube which would 
operate normally when subjected to: 


(a) vibrations of 15 g acceleration over a frequency 
range of 20-2000 eps. 
(b) a constant acceleration of 20,000 g. 


(¢) an impact shock of 12,500 g in combination with 
a spin of 13,500 rpm. 
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Figure 5 is a drawing of the QK-530 miniature mag- 


netron which meets the requirements imposed by this 
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application. The QK-530 illustrates a design concept 
which has been used in the development of many 
recent miniature magnetrons. Unique features of this 
design include a holivw cylindrical magnet, a vacuum 
envelope placed coaxially within the magnet, and a ~ 
solid-ring tuner mechanism which operates in the 
fringing rf field region of the anode to eliminate 
the close spacings and tolerances usually required by 
conventional tuner designs. 

The QK-530 uses a standard oxide-coated cathode | 
supported at each end for rigidity. Internal connec- 
tions brought out through the vacuum envelope are 
attached to flexible leads soldered into the beacon 
system. To satisfy the severe environmental require- 
ments imposed on the tube, it is necessary to use a 
folded heater, with the heater itself supported by a 
ceramic pin which passes through the cathode. 

To minimize the frequency variations caused by . 
vibration and constant acceleration, while still provid- 
ing adequate tunability, one edge of the annular tuner 
dise is fixed in position, and the other edge is adjust- + 
able. To minimize the frequency changes caused by 
changes in ambient temperature, molybdenum (a ma- 7 
terial with a low coefficient of thermal expansion) was 
employed liberally. Used in forming the anode reson- . 
ators and the vacuum envelope, this material made it 
possible to achieve a frequency change of less than 0.1 
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megacycle for every degree centigrade of anode tém- 
perature change. 

rf energy is brought out of the tube through a 
coaxial line whose center conductor is attached to one 
of the resonator vanes. As an insulating medium for 
input and output connections, glass was found to be 
entirely satisfactory for the severe environments en- 
countered. 

The outside diameter of the QK-530 is 1.25 inches. 
its length is approximately 2.5 inches, and its total 
weight is about 6 ounces. The tube delivers a minimum 
peak power output of 50 watts, and is frequency ad- 
justable over a range extending from 9300 to 9500 Me. 
Figure 6 is a photograph of the complete tube. 

As both the varieties of beacon systems and the 
applications for them increased, frequency bands out- 
side X-band became popular. To satisfy requirements 
for miniature magnetrons in the C-band region, the 
QK-682 and QK-735 were developed. Figures 7 and 
8 are photographs of these tubes. 

Similar to the QK-530 in many respects, the QK-735 
has a peak power output of 400 watts. The QK-682, a 
1 kw tube, makes use of a ‘‘crown of thorns’’ type of 
tuner with pins which penetrate the resonator cavi- 
ties, thereby altering their effective inductance. Un- 
like many of the beacon tubes which have rf output 
connections brought out one end of the tube parallel 
to its axis, the QK-682 output connector projects at 
right angles to the tube axis, as shown in Figure 7. 
Both the QK-682 and QK-735 may be adjusted in 
frequency over a range extending from 5400 to 
5900 Me. 

Both tubes have been ruggedized to the extent that 
acceleration of 15 g at vibration frequencies up to 
2000 eps causes negligible degradation of the rf 
spectrum. 

In the QK-682 and QK-735 changes in frequency 
are held to less than 1 Me as the duty cycle is varied 
by a factor of 100, a level of stability required of 
modern beacon systems. 

This article has attempted to show the basic design 
concepts used with miniature magnetrons, and in no 
way is an attempt to describe the extensive variety of 
miniature magnetrons developed and produced at 
Raytheon. Particular applications many times re- 
quire special modifications of existing designs. Such 
modifications have been accomplished often in the past 
and may continue as beacon requirements change. 

As to the future, there should be a continuing de- 
mand for beacon tubes in missiles and space vehicles. 
There will be need for tubes of greater frequency 
diversification capable of operating in very severe 
environments. Tubes having greater frequency sta- 
bility, reduced weight, increased power, and higher 
efficiency will also be required as space travel becomes 
a reality. 
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ia aa and performance requirements for 
electronic equipment emphasize the importance of heat 
transfer in their design. Not only do subminiaturiza- 
tion techniques increase the volumetric heat density 
for a given total dissipation, but the trend is toward 
higher power levels. Attention is focused on main- 
taining component temperatures consistent with re- 
quired performance and reliability. In airborne equip- 
ment the objective is to achieve this with a cooling 
system that imposes a minimum weight and power 
penalty on the aircraft. Ground based and shipboard 
equipments have not required such effort in this re- 


spect in the past. However, with the present trend . 


toward very high power components, cooling methods 
require careful evaluation leading to efficient designs. 


Basic Heat Transfer 


The transfer of heat from an electronic component 
can be accomplished by three modes or processes : con- 
duction, radiation and convection. In most cases all are 
present to some degree. The basic Fourier conduction 
law is essentially : 


T - Ts 
q=ka ‘1-2! 2) (1) 


where q is the rate of heat flow, k is the thermal con- 
ductivity of the material, A is the cross-sectional area 
normal to the direction of flow, and (T,; — Ts) is the 
temperature difference along the conduction path of 
total length L. The heat dissipated by the component 
is represented here by q. (See Figure 1.) It can be 
seen that to reduce the temperature of a component 
by conduction, a conduction path of high thermal con- 
ductivity, large cross-sectional area and minimum 
length between source and sink should be used ; that is, 
kA/L should be large. Equation (1) takes different 
forms for non-uniform heat flow conditions. 

Radiation from or to the surroundings can transfer 
an appreciable portion of the heat. The heat loss from 
a surface at temperature T, in black surroundings at 
temperature T, is essentially : 





q = Se (T; - Ti) (2) 





for high density components 


where q is as defined in Equation (1), ¢ is the Stefan- 
Boltzmann constant, S is the surface area, « is the 
emissivity of the surface, and T, and T, are the abso- 
lute temperatures. To reduce the temperature differ- 
ence between the surface of a component and the 
surroundings by radiation, the product Se in Equa- 
tion (2) should be made as large as possible and the 
surroundings made close to black body conditions. 
Refinements of Equation (2), based on incidence angle 
and deviation from black body behavior, usually do 
not represent a large correction. 

Heat transfer by convection between a fluid and a 
surface may be expressed by the steady-state equation : 


q = hS (t, — tr) (3) 


where h is an over-all heat transfer coefficient, q and 
S are defined as in Equation (2), and (t,—t,) is the 
average temperature difference between the surface 
and the fluid (which may be a liquid or a gas). There 
are two types of convection, free and forced. In free 
convection, fluid motion over the surface is caused by 
the variation in fluid density, while in forced con- 
vection the circulation is induced mechanically, as 
with a blower or pump. Forced convection generally 
results in higher values of h than free convection. 
(Again, see Figure 1.) To reduce the surface temper- 
ature for a given heat dissipation, the hS product 
should be made a maximum. 
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tooling Design 


sere is little conduction and the surround- 
adjacent structure are at the same temper- 
on and free convection are of the same 
nitude (assuming a high emissivity for 

fe Sires and normal electronic operating condi- 

tions). od conduction paths reduce the effects of 
* convec and radiation. In any ease, good design 
dictateg##that wherever possible low temperature com- 
ponents should always be thermally isolated from 
high temperature parts. 

Free convection and radiation can prevent unac- 
ceptable temperature rises for relatively large heat 
dissipations, provided that the equipment is designed 
properly. There must be enough room surrounding 
the components to allow for the development of fluid 
velocities associated with free convection. Parallel ver- 
+» tical plane surfaces in air normally should be at least 





















e al: one-half inch apart for effective free convection. A typ- 
- ~ jeal value of h for free convection in air is 1 Btu per 
- + (hour) (sq. ft.) (°F.) or 0.004 watts per (sq. in.) (°C). 
ec In connection with Equation (3), evaporative cool- 


- ing should be mentioned. The processes of evaporation 
e «8+ and condensation involve the flow of fluids and can 
3 _ be considered a special form of convection ; high heat 
e transfer coefficients can be obtained with such a proc- 
0 «§* ess. Where metallic conductive paths are difficult to 
achieve, an evaporative-condensing system can be used 
a to transfer the heat to a heat exchanger. Evaporation 
‘7 or boiling can be used in an expendable cooling system 
with no condensing, the vapor being thrown away. In 
) any case, evaporation can be used directly (boiling 

“§ * occurring at the component surface), or indirectly 
d (at a surface in good thermal contact with the part). 
e Where reduced volume or increased heat dissipation 
e *§ * results in excessive part temperatures with only. free 
e | convection for cooling, or for high altitude operation 
e where free convection drops off rapidly (or during 
y *§ * free fall where there is no free convection at all), 


- 4 forced convection becomes an attractive alternative. 

For forced convection, values of h ten times those for 
y *§ * free convection with the same fluid are easily attained. 
. .&. Foreed convection offers a practial means of increas- 


. ing the heat transfer either in conjunction with or in 
place of the more limited methods involving free con- 
vection, conduction, and radiation. 




















The heat transfer coefficient h for forced convection 
is a funtion of the mass rate of flow of the coolant, the 
coolant properties, and the geometry of the passage. 
Once the coolant is picked, the only variables become 
the mass rate of flow and the flow passage dimensions ; 
these must be chosen in conjunction with the pressure 
drop available. For airborne installations the cooling 
system should be such that the power used for cooling 
is minimized, with consideration given to weight and 
space penalties. For a given coolant density this means 
the product of the coolant mass rate of flow W and 
the pressure drop Ap necessary to move the coolant 
through the cooling system should be a minimum. 
Where the Ap available is fixed, minimizing power 
means minimizing W; using any /\p less than that 
which is available is inefficient, since the difference 
between that required and that available usually must 
be wasted in a throttle. 

Forced convection can be used either by channeling 
the fluid directly over the components (in which case 
the prime surface area is fixed by the given compon- 
ent) or in an indirect manner through a more complex 
cooling system involving a heat exchanger to which the 
component is attached by good conductive paths. (See 
Figure 2.) In effect, the latter technique is similar to 
adding fins to the component, wherein the heat trans- 
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fer surface area is increased by the addition of a 
secondary surface. The more complex cooling system 
requires very good conductive paths from the com- 
ponent to the heat exchanger to prevent the tempera- 
ture drop from the component to the exchanger sur- 
face from destroying the gains obtained by the large 
hS value of the heat exchanger. 

The surface temperature t, in Equation (3) is fixed 
by the allowable component temperature t,. For 
direct cooling, t, is identical with t,.. With a more 
complex cooling system, t, is the surface temperature 
of the heat exchanger (this being lower than t, by 
an amount equal to the temperature drop through 
the conductive path between the component and the 
surface of the heat exchanger). The fluid temperature 
te is determined from whatever may be available for 
the cooling system inlet temperature together with a 
bulk fluid temperature rise computed by an energy 
balance. The heat flow q is fixed by the component 
dissipation. Consequently we may solve for the hS 
product required for that particular component and 
cooling technique : 


(bS) requirea a (4) 


ate 
(ts — te) 

The hS value available at the component is a function 
of W for the particular cooling technique employed. 
A plot can be made of available hS versus W; in 
addition, a plot of Ap versus W can be made (for the 
particular coolant density involved). Then for the 
case where a given /\p is available, W, and in turn the 
hS product available for the particular component and 
cooling technique can be found. If this hS product is 
less than the value given by Equation (4), either a 
better cooling technique must be used or the com- 
ponent temperature must be allowed to run hotter. 
(In general, the plots of hS versus W and A\p versus 
W are obtained experimentally.) The most efficient 
forced convection heat exchanger might be defined as 
the one using the minimum power for cooling or, 
where the pressure drop is given, the one which has 
the highest value of hS for any given value of W 
within the limits of the pressure drop available. Tak- 
ing advantage of the most effective forced convection 
heat exchanger (large hS) is similar to designing for 
large kA/L values in conduction and large Se values 
in radiation. 

Note that no choice has been arbitrarily made con- 
cerning whether the flow regime should be laminar 
(streamline) or turbulent. In most cases the pumping 
power will be minimized when, in achieving a required 
hS product, the required h is made as small as pos- 
sible by making S as large as possible. The required 
h may likely be achieved with laminar flow. Although 
for a given fluid and geometry the value of h increases 
markedly as W is increased through the transitional 







region from laminar to turbulent flow, the pumping 
power also increases markedly. Therefore, in terms of 
pumping power, no general conclusion can be made 
regarding the choice of turbulent or laminar flow. 


High Heat Densities 


In many high power components the areas for heat 
flow cannot be made large, and so the heat density q/S 
or q/A is high. The basic heat transfer modes exist, of 
course, for all heat densities. However, their relative 
importance is influenced by the magnitude of the 
density. In reviewing Equations (1) through (4) it 
can be seen that for a desired low temperature differ- 
ence, the heat density can be large only if k/L, ¢, or 
h is large. ¢ cannot be greater than unity, and h is 
relatively low for free convection. Therefore, free 
convection and radiation are generally either rela- 
tively insignificant or cannot be effectively utilized. 
This essentially leaves conduction, forced convection, 
and boiling as the available modes. It may well to 
mention here that techniques utilizing thermoelectric 
effects are not directly applicable for cooling high 
density components, since materials are not currently 
available which make these effects either efficient 
enough or of sufficient capacity. 

Let us again consider conduction. In many high 
density components, oxygen-free high conductivity 
(OFHC) copper is for practical reasons the material 
of this first thermal path. This is almost as good as 
any material that might be used ; silver is only slightly 
better. Since (with present knowledge) the conductiv- 
ity is limited, the only alternative is to make L small. 
The conductivity of OFHC copper is such that with 
a heat density of one kilowatt per square inch the 
temperature drop through a one-inch thickness would 
be about 100°C. The thermal and electrical conductiv- 
ity of metals increases with decreasing temperature ; 
thus operation with refrigeration, creating a fluid 
temperature t, lower than the ambient, may not only 
improve the cooling but may also reduce q. Conven- 
tional refrigeration techniques are most applicable for 
this purpose, since thermoelectric refrigeration is rela- 
tively inefficient at present. 

At the wall surface wetted by the coolant it is 
necessary to achieve a certain hS value. As previously 
mentioned, it may be advantageous to make S large 
by the use of finning or other types of extended sur- 
face. Finning is most advantageous when thermally 
poor coolants are used. However, with high heat den- 
sities and high heat transfer coefficients at the wall, 
care must be taken in the design of the fins. Improper 
fin geometry can actually hinder rather than help the 
heat transfer. In fact, where very high densities exist, 
the only thermally useful fins would be so small in both 
length and thickness that they would be impractical to 
utilize physically. Consequently, where finning is 
ineffective S cannot be made large, and the only alter- 
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native is to obtain high values of h. The coefficient h in- 
volves mechanisms which are complex ; however, in’ all 
cases the aim is to transfer heat through the stagnant 
layer of fluid in contact with the wall. There are 
basically two ways (or a combination of these two) in 
which this can be accomplished with high h values. 

A high h value may be obtained by allowing a liquid 
to boil in the nucleate regime off the surface of the 
wall without any appreciable forced convection (in 
this regime, bubbles form at many ‘‘points’’ on the 
surface). The liquid thus will be saturated, at least 
in the vicinity of the wall. This type of boiling is 
termed pool boiling and resembles ordinary boiling of 
a pot of water. Briefly, pool boiling heat transfer 
capabilities are a function of the microscopic wall 
surface condition, the combined fluid properties (af- 
fected by pressure, temperature, and additives), and 
the superheat (the degree by which the wall surface 
temperature exceeds the fluid saturation tempera- 


>». ture). When this temperature difference and the ac- 


companying heat density exceed a given value, the 
boiling regime will suddenly change from nucleate to 
film boiling, wherein the wall becomes blanketed with 
a continuous layer of vapor. Under this condition the 
thermal resistance is greatly increased, usually result- 
ing in drastic overheating of the wall, and this is 
termed the ‘‘burn-out’’ point. There is a certain 
nucleate boiling heat density and coefficient h accom- 
panying this transition point ; designs generally must 
result in a heat density that is less than that expected 
at burn-out. For example, at atmospheric pressure 
pure water boiling from a clean copper surface has a 
burn-out density of about 800 watts per square inch, 
with a superheat of about 25°C. In some cases, with 
pool boiling, fins in the form of stubby spines can be 
beneficial for increasing the hS value. 

Another method of making h large is to circulate a 
fluid over the surface in such a way as to make the 
stagnant fluid layer very thin. This involves forced 
convection of the fluid over the surface, as discussed 
previously, and usually requires high pumping power 
in order to obtain the high coefficients required for 
high heat densities. Aside from mechanical limita- 
tions, in theory, any desired heat transfer capability 


‘from the wall surface can be achieved by forced 


convection ; the greater the amount of pumping power 
used, the thinner the stagnant layer will be made. It 
is thus logical, as stated earlier, to use the resulting 
pumping power requirement as a measure of the 
degree of optimization of the design. The design can 
be optimized in two categories: the geometry (or 
configuration) of the system and the thermal proper- 
ties of the fluid. 

In forced convection the significant thermal proper- 
ties of a fluid are thermal conductivity, density, spe- 
cific heat, and viscosity. The first three properties 
should be large and the fourth should be small. Of 
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Figure 3 





course, there are many other factors to be considered 
in selecting a practical fluid. In comparing coolants 
from the viewpoint of minimizing pumping power, it 
can be stated in general that gases are very poor, most 
oils are poor, most water-based fluids are good, and 
pure water is the best (exceeded only by liquid 
metals) ; the h values achieved with water in forced 
convection can be over 10,000 times those normally 
encountered with air in free convection. 

A combination of boiling and forced convection can 
result in very high h values with much reduced pump- 
ing power in comparison to that required for forced 
convection without boiling. However, the system re- 
quires careful design in order to insure stable opera- 
tion. In pool boiling the bubbles leave the surface by 
their own dynamic action and move out into the bulk 
of the fluid. In conjunction with forced convection the 
bubbles that form on the wall surface immediately 
protrude into the cooler liquid and begin to condense 
before they leave the surface, and the high scrubbing 
action of the flowing fluid scrapes these bubbles along 
the wall in the down-stream direction. As with pool 
boiling, burn-out can occur with local boiling and 
forced convection; that is, a continuous vapor layer 
can form at the wall. In comparison with pool boiling, 
this will occur with about the same amount of wali 
superheat, but the accompanying burn-out heat dens- 


Figure 4 


ity will be greater. In some cases the burn-out heat 
density can be more substantially increased by utiliz- 
ing vortex flow over the wall surface. With local 
boiling of water in forced convection burn-out heat 
densities in excess of 20 kilowatts per square inch can 
be realized. 

Many other important considerations can only be 
mentioned in an article of this length. Among these 
are the effects of surface roughness on heat transfer ; 
the effects of entrances, bends, interruptions, curves, 
and vortex flow on heat transfer ; more detailed evalu- 
ations of coolant fluids for forced convection; more 
detailed discussion of boiling with evaluation of sur- 
faces and fluids, flow stability when local boiling 
exists, optimization techniques, and transient heat 
transfer (as in pulse-operated components). 


Components 


In most high density electronic components the dissi- 
pated energy is either in the form of resistive loss in 
the metal, or electron beam energy dissipated on the 
surface of the metal. Examples of the first are re- 
sistors and solenoids, and examples of the second are 





































the many different types of electron tubes. In this 
latter category the energy is principally dissipated on 
the interior surface of the anode (which is usually 
made of OFHC copper) and must be conducted 
through a certain thickness of wall which separates the 
coolant from the evacuated space. In most types of 
electron tubes such as traveling-wave tubes, kly- 
strons, and ordinary amplifiers, the anode is in the 
shape of a hollow cylinder or cup, with the coolant 
on the outside; however, in types such as magnetrons 
and amplitrons the heat must be removed from inter- 
nal anode vanes or paddles which are within the 
cavity. (See Figures 3 and 4.) When their dissipation 
is high, the coolant must be brought into, and cireu- 
lated through, the individual vanes. In view of the 
fact that in many cases these vanes are quite small and 
dissipate relatively large amounts of heat, it is easily 
understood that such tube types can be difficult to cool. 

Allowable operating temperatures for the various 
tube types are generally governed by three considera- 
tions: the maximum allowable interior anode metal 
temperature, the maximum allowable glass-to-metal 
seal temperature, and the maximum.allowable wetted 
surface temperature in contact with the coolant. The 
first limit is necessary to prevent gassing of the tube 
by the release of dissolved gases from the interior sur- 
face of the anode metal. The second limit is necessary 
to prevent mechanical failure, leakage, or glass de- 
gradation. The third limit is necessary to prevent 
decomposition of the coolant, scale formation (which 
is very detrimental to high density heat transfer), 
unwanted boiling, or an impractical coolant pressuri- 
zation requirement. Allowable limits for the maxi- 
mum interior anode metal temperature range from 
100°C for some tubes very sensitive to gassing to over 
500°C for tubes that are relatively insensitive to gas- 
sing. A typical limit for the glass-to-metal seal is 
200°C. The formation of scale or deposits at the wetted 
hot spot area is difficult to control at high tempera- 
tures; in this respect the most generally acceptable 
coolant is water, with the system design and materials 
carefully selected, and with the water exceedingly pure. 
Allowable wetted hot spot limits rarely exceed 200°C. 

It can be observed from the preceding discussions 
that the heat transfer considerations in high-density 
component design are neither trivial nor simple. In 
the design of electronic components there is a general 
trend toward higher dissipation and smaller space ; this 
is particularly true of power tubes where more energy 
output is wanted at higher operating frequencies which 
require smaller dimensions. The heat density in some 
components currently being designed is such that cool- 
ing is a prime obstacle. In the future the cooling prob- 
lem may actually force a limitation on design unless 
concepts and techniques unknown at present can be 
developed. 
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SOLID STATE 


DIFFUSION 


IN SILICON 


, basic process in the design and fabrication 
of a semiconductor device is the formation of n-type 
(electron conduction) and p-type (positive hole con- 
duction) impurity junctions or regions within the 
material. Early techniques such as point contact and 
alloy junctions have been dominant in the field. In 
the point contact method (Figure la), a metal wire is 
pressed against the surface of the semiconductor. The 
n- or p-type region is thus formed at the contact area 


* 





Figure 1 
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distributed into the bulk of the semiconductor in a 
solid state form (no melting of the semiconductor). 
The density of the diffusing material through the solid 
varies, and depends upon the structure and tempera- 
ture of the solid. Figure 2a shows a solid which has 
an impurity region C. of higher concentration than 
region C,, separated by a boundary at x = 0. If the 
temperature is raised to some higher value (T), the 
change in concentration after a time t may be repre- 


| 








(a) 
POINT CONTACT 


by an electrical bias between the wire and the semi- 
conductor. For an alloy junction (Figure 1b), an ele- 
ment from either Group III of the periodic table (for 
p-type region) or Group IV (n-type region) is alloyed 
or melted into the semiconductor to form the n- or 
p-type region. 

Each of these methods has its own limitations. The 
point contact junction is small in area and restricted 
to the surface region of the semiconductor. The physi- 
cal stability and positioning of the wire can be difficult 
to control. The alloy region, although larger in size 
than the point contact, is still somewhat limited in 
area. Differences in thermal expansion and contrac- 
tion between it and the semiconductor can cause crack- 
ing problems. These are only a few of the problems 
associated with the above mentioned techniques. The 
development of a solid state diffused junction (Figure 
lc) has helped to overcome some of these limitations 
and has opened many new possibilities for device 
design. 

A diffused junction presents none of the above 
problems because the basic material is one element 
(semiconductor). In addition, there is no limitation 
in size or area. It is possible to control very accurately 
the desired impurity concentrations and gradients 
over small regions of the semiconductor and to repro- 
duce them with great precision. 

Diffusion is a technique by which the impurities are 
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(b) (c) 
DIFFUSION 
sented by Figure 2b. 

The law describing this distribution was proposed 
by Fick in 1855 as follows: The amount of impurity 
passing perpendicularly through a reference plane of 
unit area per unit time is proportional to the concen- 
tration gradient at the plane. ' 


where D is the diffusion constant (cm?/sec) ; C is the 
impurity concentration (solute atoms per cm? at the 
plane) ; and x is the distance. 

The rate of accumulation of impurity at any plane 
is expressed as 








dt dx? : (2) 












This equation is fundamental to all diffusion problems, 
and is solved for the boundary conditions that apply to 
the particular diffusion condition. The most common 
condition is the one in which the impurity concentra- 
tion (C,) at the surface of the semiconductor is con- 
stant. This distribution is shown in Figure 3 and is 
similar to that shown im the right side of Figure 2b. 
The boundary conditions are: C, = C, for all values 
of t at x=0; C,=C, for t=0 at 0< x <». Under 
these conditions, the solution of Equation (2) is as 


follows : 
x/(2/Dt) 
C, -C,; pS 2 
wor? 2 [exp -v) ay 


= 1 -erf [x/(2\/Dt) ] 
= erfe [x/(2\/Dt) ] (3) 


where C, is the concentration at distance x below the 


surface; C, is the concentration at the surface; D is. 


the diffusion constant for an impurity at the tempera- 
ture of diffusion ; and t is the time of diffusion. 

If we have a pure semiconductor, the value of C, 
is 0, and Equation (3) reduces to: 


C, =, erfe [x/(2/Dt)] . (4) 


Although there are various mechanisms for diffu- 
sion, we will restrict ourselves to that one associated 
with lattice diffusion, the mechanism applicable to 
germanium and silicon. If we have a crystal structure 
such as that of silicon and place on its surface a layer 
of dopent (that is, the impurity to be diffused), say 
boron, there are three basic processes by which the 





Figure 3 
boron can penetrate into the silicon structure and 
form an impurity region or junction. 
1) A boron atom can interchange position with a 
silicon atom. 
2) A boron atom can squeeze into an interstitial 
position between the silicon atoms. 


3) A boron atom can go in a vacant position within 
the silicon crystal structure. 


Each of these processes involves the motion of an 
atom from an original equilibrium to a new one by 
overcoming a potential barrier. The temperature of 
the system has a strong influence on the ability of the 
boron atom to overcome this barrier (the higher the 





Figure 4 


temperature of the system, the more easily the boron 
atom can move). The temperature dependence of dif- 
fusion is reflected through the diffusion constant D in 
Equation (4) as follows: 


D = D, exp ( -"r) 


where D, is a constant for the material; K is Boltz- 
mann’s constant (1.38 x 10-1® ergs/°K); E is the 
energy needed to move an atom in the lattice; and T 
is the diffusion temperature (°K). A plot of log D 
vs 1/T in Figure 4 shows this dependence of the 
diffusion rate upon temperature. A small change in 
temperature results in a large change in diffusion rate. 

For a diffusion process as applied to diodes and 
transistors, either a donor impurity (n-type) or an 
acceptor (p-type) is diffused into the silicon slice. 
Equation (4) will enable us to calculate the concen- 
tration of these impurities as they diffuse into the sili- 
con, provided that the diffusion constant and the sur- 
face concentration are known. In general, the silicon 
being diffused has an existing density of impurities 
introduced during the growth of the crystal. The lat- 
ter impurity density will be less than that which is 
being diffused and will be uniform throughout the 
slice. 

If the existing impurity density is Cp in the silicon 
and if we diffuse an acceptor impurity C, for a time 
t at a temperature T, the impurity distribution will be 
as shown in Figure 5. At the point x; a p-n junction 
is formed in the silicon, since C, = Cp. 

The distance at which this p-n junction is formed 
can be controlled with particular combinations of 
temperature and time. Using a value of 102° 
atoms/cm’ for Cp, Equation (4) can be related to the 
p-n junction distance or penetration by: 


x,;=8 Dt : (5) 
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Since the value for D is of the order of 10-11 em2/sec 
and the diffusing time t is in seconds, we can see that 
the position or penetration of the junction can be 
accurately controlled as a function of time. Penetra- 
tions for transistors are of the order of tenths of a mil, 
while diodes often will have four mils penetration. 
The electrical characteristics of a semiconductor 
device are dependent upon the reverse breakdown 
voltage of the p-n junction. For consideration here, 
reverse breakdown voltage is the voltage measured 
across the junction at 10 yA. This voltage in a diffused 
junction is controlled by the impurity gradient at the 
junction, the rate of change of resistivity through the 
region. The gradient increases with decreasing sur- 
face concentration (C,) or increasing diffusion time 
or temperature, thereby increasing the breakdown 
voltage. The concentration gradient at the junction 
is: 
de Co —x;? 
i Laer) 


Since x;?/4Dt is constant for a given resistivity, and 
D and C, are fixed for a given temperature, Equation 
(6) reduces to: 


ac (Dt)-V/2a— , (7) 
xy 








The breakdown voltage Vx, is inversely proportional 
to the square root of the impurity gradient. There- 
fore, the influence of the diffusion time, temperature 
and penetration on the breakdown voltage is as fol- 
lows : 


Vgc anl/2 a (Dt) 1/40 x,1/2 (8) 


This type of voltage control is not possible with 
junctions formed by cther methods such as point 
contact or alloying. These form a step (rapid change 
from p- to n-type) rather than a gradient junction. 
The breakdown voltage is therefore dependent only 
on the resistivity of the starting semiconductor ma- 
terial, and the method lacks the advantage of being 
able to produce a range of voltages for a given starting 
material. 

The advantage of having a good control of break- 
down voltage and depth of junction penetration, to- 
gether with excellent reproducibility and lack of 
junction size limitation has stimulated interest in the 
devices made by the diffusion technique. 

Diffusion has produced remarkable results relative 
to device ratings and characteristics. In so doing, it 
has been established as a leading method of forming 
a junction. However, diffusion must be considered an 
addition to other methods of forming junctions and 
as such, it is intended to augment rather than to 
obsolete them. 
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IMPLIED 
CONTRACTS 


P eee the law protects children under 21 
from imprudent business transactions by making their 
contracts voidable, most people begin entering into 
contracts at a very early age. ‘‘I’ll take two cents 
worth of licorice and three cents worth of jelly beans,’’ 
says the four-year-old. He knows that when the store- 
keeper delivers the candy, he must in turn pay the 
price. As he grows up, he makes and performs other 
contracts; he delivers newspapers, mows lawns, buys 
a bike — later a car. The transactions grow larger 
and more complex. As an adult, he buys a home, enters 
into a mortgage arrangement with the bank, buys and 
sells securities. In all of these transactions, he knows 
that if the other party has performed his bargain, he 
is bound to perform also. 

A corporation enjoys no infancy. From the first 
day of its life, it is considered able to enter into agree- 
ments and is considered bound by the agreements it 
makes. Since its raison d’etre is normally the earning 
of a profit, the business corporation enters into a great 
many more contracts than does the individual. It hires 
employees, agrees to buy materials and supplies, rents 
space, and agrees to sell its products. Though the 
corporation is, for most purposes, regarded as a legal 
entity or person, it can act only through its officers, 
agents and employees. Through them, it enters into 
the various agreements necessary to conduct its busi- 
ness. 

What, then, is a contract? It is any promise or 
group of promises agreed to in consideration of an- 
other party’s promises or acts. Raytheon’s contracts 
are not, therefore, limited to those rather formidable 
documents, sometimes seen replete with legalistic lan- 
guage, whereas’s, therefore’s, hereinafter’s, signatures 
and seals. On the contrary, many other forms of 
contracts are used by the Company. These include 
purchase orders, which become contracts with the 
vendors ; sales orders, which constitute contracts with 
customers ; and letter agreements signed by both par- 
ties. All of the foregoing are normally prepared by, 
reviewed by, or prepared on standard forms previ- 
ously reviewed by, the Law Department. The Company 
enters into these agreements knowingly and with full 
intention of complying with them and of insisting 
upon compliance by the other party. The opportunity 
of both parties to understand their rights and obliga- 
tions under the agreement is afforded and to the maxi- 
mum extent possible, doubtful areas are avoided. 














C. H. Resnick 
Law Department 


It is possible, however, to enter into contracts other 
than those described above. It is also possible to amend 
formal contracts through less formal but equally bind- 
ing conduct or statements. Into this category fall most 
of our implied contracts. The principal difference be- 
tween implied contracts and the express contracts 
described above lies in the mode of manifesting assent. 
In the express contract, assent is manifested by words; 
in the implied contract, by conduct. Thus, if a buyer 
issues a purchase order to a drafting supply house 
reading, ‘‘Ship subject to terms and conditions on face 
and back of this order 24 K & E slide rules as de- 
scribed in your 1959 catalog, Item No. 2639A, at unit 
price of $4.38, delivered no later than July 30, 1959, 
via your truck, F.O.B. Waltham. Terms net 30 days.’’, 
upon acceptance of the purchase order or shipment of 
the slide rules without objection to it, he has made an 
express contract. On the other hand, if the buyer 
telephones to a drafting supply house and says, ‘‘This 
is John Doe at Raytheon Company. Will you send me 
over two dozen K & E slide rules?’’, he has then 
created an implied contract on the part of the Com- 
pany to pay to the drafting supply house the fair 
value of the slide rules when they are delivered. Al- 
though no express agreement was reached as to price, 
the law will require payment of a reasonable price. 
Similarly, although no express agreement was reached 
on delivery, the law will require delivery within a 
reasonable time as a part of the contract. 

Our experience at Raytheon has been that programs 
of preventive law and sound purchasing procedures 
can minimize the implied contract problem. With 
over 274,000 purchase orders issued for more than 
$200,000,000 of goods and services, the claims which 
wound up in court last year can be counted on the 
fingers of one hand. Some still do arise, however, and 
samples of these and how they might have been 
avoided may be useful in helping to avoid future 
disputes. 

Implied contracts are easy to create on the job. 
Suppose a vendor has a contract to erect an antenna 
test mount. The contract specifies a manually-oper- 
ated mechanical device for elevating and rotating the 
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antennas. While the work is progressing, the Project 
Engineer appears at the site and says to the vendor, 
‘‘This manual operation isn’t going to be adequate 
with the new heavy antennas we will be testing. We 
would like you to install an electrically-operated hy- 
draulic system as I have sketched it here.’’ If the 
vendor supplies the modification on this instruction, 
the law may imply an obligation on Raytheon’s part 
to pay him the fair value of the hydraulic system 
furnished pursuant to this instruction. 

Why should we be concerned with such implied con- 
tracts? Obviously, implied contracts fail to furnish 
the Company the desired degree of protection with 
respect to detailed specifications, price, delivery, and 
warranty. Implied terms subject themselves to argu- 
ment over their construction and over what was agreed 
to. Implied agreements may be made by personnel 
who, because of a lack of knowledge of the market 
place, have not obtained the best possible bargain for 
the Company. On cost-type contracts, implied agree- 
ments may not furnish an adequate base for reim- 
bursement. They can, in a variety of other ways, un- 
necessarily cost the Company substa”tial amounts of 
money. In short, such implied contracts lack the 
definiteness and the assurances which the Company’s 
procedures have been established to obtain. 

An individual note of warning concerning personal 
exposure through contracting should be sounded. A 
corporation is normally bound by contracts entered 
into by persons who have been granted authority to 
act on its behalf by the Board of Directors or who, 
because of their positions, appear to others to have 
such authority to act. However, where a person who 
has not been expressly or impliedly authorized by 
the Company to enter into a contract on its behalf does 
so, then in the event that the supplier is unable to 
recover from the Company because of such lack of 
authority, he may still recover against the individual 
personally. In effect, the individual has misrepre- 
sented his authority to bind his principal but has 
bound himself. Thus, in a case where thousands of 
dollars of specially-made material is ordered by an 
unauthorized individual and the Company declines 
to accept and pay for it, the seller may be able to 
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While the 
likelihood of these circumstances occurring is small, 
the amounts involved could be great. 

Disputes and litigation tend to arise because of dis- 
agreements on what the contract requires of each 
party. Most of these occur where: 


recover the price from the individual. 


(a) the parties have not reached a full agreement 
although they may have thought that they had; 

(b) one party claims that the other agreed to 
‘‘changes’’ or amendments to the contract ; 

(c) one party claims that the other authorized and 
requested ‘‘extras’’ not included in the con- 
tract ; 


(d) one party claims that the other waived provi- 
sions of the contract. 


Failure to reach full agreement may be illustrated 
by a case in which Raytheon was sued by a supplier 
of advertising displays who claimed that he had de- 
livered 300 display units in accordance with his con- 
tract. The contract simply called for displays ‘‘per 
sample previously delivered.’’ The supplier testified 
that he had delivered displays substantially like the 
samples in all respects. Raytheon’s witnesses claimed 
that the sample had used cellophane streamers while 
those delivered used rayon streamers and that the dif- 
ference in material made an important difference. 
Raytheon was able to prevail because the Court be- 
lieved the difference to be significant. The dispute and 
litigation might have been avoided had the vendor 
understood that no departure from sample, however 
minor, would be accepted. 

A dispute involving construction of specification for 
altimeter motors illustrates a similar, though more 
complex, problem. Raytheon’s order to its vendor 
provided that the motors were to be furnished in ac- 
cordance with referenced specifications. Our specifica- 
tion required that the motors ‘‘shall be capable of 
operation as specified herein under any natural com- 
bination of the following conditions: 


3.1 Altitude : Sea level to 50,000 feet. 


3.2 Ambient Temperature Range: Minus 55 to 
plus 85C from sea level to 50,000 feet. Stalled 















torque shall not be less than 0.3 inch ounces at 
minus 55C. Free motor speed shall not be less than 
4500 rpm after five minutes at minus 55C. 


3.3 Humidity : Up to 100 per cent relative at 50C.”’ 


In a later paragraph a minimum life of ‘‘2,000 
hours of operation as specified herein’’ was called for. 

Raytheon’s prime contract incorporated Military 
Specifications which set forth a 30-day humidity test 
and a 50-hour salt spray test, which the altimeters 
were required to pass. 

Raytheon’s order to the vendor did not expressly 
incorporate the 30-day humidity test or the 50-hour 
salt spray test. After more than 2,000 motors had been 
accepted by Raytheon, the altimeters were subjected 
by the Government to the 30-day humidity test which 
resulted in motor failure due to excessive corrosion. 
Upon receipt of notice of this result, Raytheon’s lab- 
oratory subjected some of the motors to the 50-hour 
salt spray test, the 30-day humidity test, and a 10-day 
humidity test. The motors failed to pass all three 
tests. Rework of the motors to meet such tests was 
estimated at $36,000. 


The vendor argued that our specifications required 
only 2,000 hours operation at room temperature, not 
tropical conditions, and that our humidity specifica- 
tion called for no particular time period, so that they 
were fully met. They also noted that salt spray re- 
quirements were not referred to in the specification. 

We took the position that rework should be at the 
vendor’s expense because the natural combination of 
conditions under which the motors might be required 
to operate included conditions in the tropics and sub- 
tropics where for several months the humidity might 
be up to 100 per cent relative at 50C. The motors 
had been shown unable to meet this requirement. We 
argued also that the motors had not been constructed 
of materials capable of resisting corrosion for the 
minimum life of 2,000 hours and had, for this reason, 
failed to pass the tests. 

The dispute, which delayed the program, and as 
resolved resulted in approximately equal expense to 
both parties, could have been avoided entirely had 





Errata 


The following equations were omitted from Figure 4, 
Page 3 of the May-June Issue. 





Giles ot = (x/4)D? D2? D =diameter of lens 
“~~ (x/4)d2 ~~ d?~—s ds = diameter of focal circle 
(1) 
’ d/2 f = focal distance 
a -1 ( S/e 
Field =0 = 3 Tas ( f ) 6 = field (radians) 
6 = d/f for small angles (2) 
Oct ee aw C = aconstant 
~ * q2 ~ 2." 2 F = focal number of lens 


(3) 














the Government’s requirements been included in the 
specifications supplied to the vendor. 

It must be borne in mind that written contracts 
can be amended orally. Even a contract which pro- 
vides in its terms that it may be amended only by a 
subsequent writing signed by authorized representa- 
tives of both parties is subject to oral amendment. 
The theory permitting such changes is that the parties 
orally agree, after the contract is signed, that the re- 
quirement for a written amendment will be stricken 
or that in a given instance it will be disregarded or 
waived. If the agreement to amend in this respect is 
supported by consideration, it is effective in the 
same manner as an agreement to change contract re- 
quirements or obligations in any other respect. In 
other words we cannot ask a vendor orally for work 
beyond the scope of his contract and then fall back on 
boilerplate in the purchase order which limits Ray- 
theon’s obligations to pay. 

Another possible situation illustrates the ‘‘waiver’’ 
or ‘‘amendment’’ approach. Let us assume a vendor 
is given a cost-plus-fixed-fee contract to develop a 
special high-gain antenna. The contract has a clear 
maximum dollar limit. The vendor claims that after 
he had reached his maximum dollar limit and Ray- 
theon’s engineers knew that he had reached his maxi- 
mum dollar limit, they were nonetheless so impressed 
with his progress to date that they requested that he 
proceed with the work. His claim asserts an implied 
obligation on Raytheon’s part to pay for the work he 
had done even though it was in excess of Raytheon’s 
obligation under the written purchase order. The 
result of any suit which may be brought will be de- 
pendent upon the facts developed at the trial, but some 
results are certain. Such litigation is costly. It pulls 
engineers out of laboratories and into courtrooms. It 
ties up personnel needed for new profit-making activi- 
ties. When the Company loses suits on implied 
contracts, recovery by the other side is apt to be con- 
siderable, since no longer limited by provision of 
written contracts. How can we avoid such costly mis- 
understandings and litigation? 


1. Write purchase specifications as clearly as pos- 
sible, leaving nothing to the imagination. Never in- 
corporate a conversation or other loose reference 
into your specifications. 

2. Do not correct or amend written purchase orders 
with oral requests or instructions. Your Purchasing 
and Law Departments can draft language to amend 
the agreement in writing. Reducing changes to 
writing through the use of change orders avoids 
later misunderstandings. 


3. Do not ask for work beyond the scope of a 
contract without a formal amendment to cover the 
change. 
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4. Do not take over a vendor’s responsibility for 6. Insist, when asked about price increases or 


meeting performance specifications by insisting he changes, that the vendor or customer deal with a 
7 do the job in a given way. Doing so may make it person authorized to negotiate on behalf of the Com- 
~ _ impossible for us to hold the vendor liable for fail- pany. 


ure to meet the specifications and may require us 
to pay more money if the job could have been done 
Se at less expense. 


The high component of engineering in all of the 
products which the Company makes or buys tends to 
create situations where implied contracts may be 

















; B asserted. The care with which our contracts have been 
5. Avoid commitments which add to our obliga- awarded and administered in past years has limited 
i- tions under the purchase order or convert a specific the number of disputes which have reached the litiga- 
i obligation to a broader one, e.g. ‘‘Do this job well tion stages. As we look forward to expanded activity 
and if you lose money on it, we’ll see that you make in the future, continued alertness in what we say and 
Sat iit up on another big contract coming up soon.”’ do will be required to maintain this record. 
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NEW RAYTHEON MICROWAVE TUBE DEVELOPMENTS 


Miniature pulsed etrons 
es m Site beacon Sm 
oe ions are ruggedly con- 
structed with integral mag- 
nets. The RK-7461 is tun- 
able from 9,300 to 9,500 mc 


and has minimum peak power 
output of 60 watts. It is 


1%" in diameter and 2%" long, . 


and weighs only 6 ounces. 











QK-735 


RK-7461 


The QK-735 is tunable from 
5,400 to 5,900 mc with mini- 
mum peak power output of 
400 watts. 1%" in diameter 
and 3%" long, it weighs 8 
ounces. 


Designed for electronic 
countermeasures and FM/CW 
operations, the QK-625 BWO 
provides a minimum CW pow- 
er output of 180 watts and a 
nominal CW power output of 
250 to 350 watts over the 
2,500 to 3,000 mc band. The 
tube is voltage tunable over 
the entire range with tuning 
sensitivity of approximate- 
ly 0.4 mc/volt. Liquid- 
cooled, the QK-625 BWO is 
equipped with an integral 
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permanent magnet, and can be 
mounted in any position. 


* 


Small-signal gain of up to 
35 db in microwave relay 





links is achieved by means 
of a new compact traveling 
wave tube amplifier -- the 
QK-542. This permanent-mag- 
net focused CW tube has nom- 
inal saturated power output 
of 5watts over 5,900to 7,400 
mc. An integral UG 344/U 
waveguide-type flange is 
supplied as standard. With 
an optional coaxial output 
coupler the QK-542 covers 
4,000 to 8,000 mc. 
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deal for linear accelera- 

3s and high-power radar 
tems. The QK-783 and 
622 Amplitrons operate 
over the 2,700-2,900 me and 
2,900-3,100 mc bands, re- 
spectively, at a peak power 
of 3 megawatts and a typical 
efficiency of 75%. Because 
no heater is required, these 
tubes are capable of excep- 
tionally long life. RF gain 
is 8 db under rated condi- 
tions, and as high as 12 db at 
lower peak power outputs. 
Phase pushing figure is less 
than 0.5 degrees for a 1% 
variation of anode current. 

















Compiled as a ace serv- 
ice to the field, new Con- 
solidated Data Booklet 
contains comprehensive in- 
formation about principal 
unclassified magnetrons, 
klystrons, backward wave 
oscillators and special 
purpose tubes manufactured 
by Raytheon. Characteris- 
tics presented include max- 
imum ratings, typical oper- 
ating values, band or 
frequency ranges and other 
essential data for micro- 
wave engineers and purchas- 
ing departments. 
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